Although the diagnosis of fat embolism syndrome is usually based on clinical findings, we describe ill-defined centrilobular and subpleural nodules in addition to ground-glass opacities and consolidation on a computed tomography scan of the chest in a trauma patient with fat embolism syndrome. The nodules presumably represent alveolar oedema, microhaemorrhage and an inflammatory response secondary to ischaemia and cytotoxic emboli in fat embolism syndrome. The literature of computed tomography findings in patients with fat embolism syndrome is reviewed and summarized. key Words: pulmonary embolism, hypoxia, trauma, respiratory system, fat embolism *m.d., department of Intensive Care medicine. †m.d., department of Intensive Care medicine. ‡m.d. Ph.d., department of radiology. §m.d., department of Intensive Care medicine. **m.d., department of radiology. † †m.d. Ph.d., department of Pathology. ‡ ‡m.d. Ph.d., department of Intensive Care medicine.
Fat embolism syndrome is a rare, poorly understood but serious complication which occurs after the direct entry of fat globules into the systemic circulation. Affected patients present with a classical triad consisting of hypoxaemia, neurological abnormalities and a petechial rash within 24 to 72 hours of the initial insult. The diagnosis is based on the presence of one of three major symptoms and four of eight minor symptoms 1 .
A severe inflammatory reaction that ultimately results in both endothelial and pneumocyte damage leads to the observed severe hypoxaemia. All hallmarks of the most severe form of acute lung injury, the acute respiratory distress syndrome (ArdS) are present: dyspnoea, refractory hypoxaemia, an inflammatory response, reduced pulmonary compliance and diffuse alveolar infiltrates on chest radiography 2 . As opposed to computed tomography (CT) findings in other forms of ArdS, radiological features have only been described occasionally in severe fat embolism syndrome.
In this report, we present a case of severe fat embolism syndrome with unique CT findings including subpleural and centrilobular nodules.
CASE rEPOrT
An 18-year-old girl without previous medical history was involved in a serious car accident. On admission, a Glasgow Coma Score of 15/15 was observed, blood pressure was 110/70 mmHg and a pulse rate of 115 beats per minute was recorded. rapidly evolving agitation and hypoxaemia necessitated intubation and ventilation.
The initial chest X-ray showed a fracture of the eighth left rib and a left-sided pneumothorax. A chest drain tube was inserted. She had an open left tibia and fibula fracture and closed right tibia, fibula and femur fractures. Further radiological screening for cervical, thoracic, lumbar spine and pelvic injuries was negative. Abdominal ultrasound showed no abnormalities.
She was transferred to the operating room for stabilization and external fixation of the left tibia and the right femur. A venous interposition was made because of a laceration of the left tibial artery with impending ischaemia. A sudden episode of severe hypoxaemia was caused by a right-sided haemothorax requiring insertion of a second chest drain tube.
The patient was admitted to the Intensive Care Unit (ICU) postoperatively. Transoesophageal echocardiography was performed because of persistent haemodynamic instability, which showed right ventricular pressure overload with a dilated, hypocontractile right ventricle, septal bulging to the left and evidence of pulmonary hypertension. The left ventricle was small and hyperdynamic.
The patient was stabilized by applying high positive end-expiratory pressure (PEEP), nitric oxide (nO) administration, fluid resuscitation and inotropic support. Once the haemodynamic condition permitted transport, a CT scan of the chest was performed on day 3, which showed peripherally located ground-glass opacities and bilateral patchy lung consolidations ( Figure 1 ). Peculiar centrilobular and subpleural nodules were observed. The chest X-ray showed scanty alveolar infiltrates, presumably related to the higher PEEP level applied ( Figure 2 ). On day 5, a broncho-alveolar lavage was performed to elucidate the cause of the rapidly progressive ArdS. microscopic inspection of the lavage fluid showed fat inclusions (Oil-red-O-staining), present in more than 70 % of the alveolar macrophages ( Figure 3 ). The mineralogical investigation of the fluid excluded a previous asbestos exposure. A control CT scan on day 7 showed a partial regression of the lesions (not shown). Ventilatory support was discontinued 18 days after the trauma. In contrast to the initial intact neurological examination, a GCS of 10/15 was observed 16 weeks after the initial event. mrI of the brain showed no focal lesions but diffuse atrophy suggestive of severe preceding hypoxaemia, probably caused by cerebral fat embolism.
dISCUSSIOn
Fat embolism syndrome is an infrequent clinical consequence of fat embolism, which is characterized by the release of fat droplets into the systemic circulation following trauma, particularly pelvic or long bone fractures. The syndrome also occurs after orthopaedic surgery and in blunt trauma patients. less common causes include haemoglobinopathy, major burns, pancreatitis, overwhelming infections, tumours, blood transfusions, liposuction and intraosseus infusions 3, 4 .
Although not completely understood, two successive pathophysiological mechanisms are proposed. Fat embolism syndrome is initiated by the release of bone marrow and fat into the circulation, which mechanically blocks the vasculature of the lungs and other vascular sites (skin, brain and kidney) 5 . later on, fat emboli are metabolized to free fatty acids and glycerol which causes a local inflammatory response and are directly toxic to the lung parenchyma. These events result in a chemical pneumonitis with secondary damage (microhaemorrhage and oedema) and account for the ill-defined triad of groundglass opacities, consolidation and centrilobular and subpleural nodules, in the dependent parts of the lung on CT, one to three days after the traumatic event or intervention. This production of toxic intermediates is responsible for the typical time course of the syndrome.
The diagnosis is mainly based on the clinical criteria described by Gurd and Wilson 1 . Further confirmation can be achieved by finding a high amount of fat either in the (pulmonary) circulation or intracellularly: broncho-alveolar lavage fluid, in the absence of a high load of exogenously delivered fat, that contains more than 30% macrophages with lipid inclusions, is proposed as being confirmatory 6 . In the prevention of fat embolism syndrome, the early splinting and early fixation of fractures are emphasized. Treatment is supportive, including general resuscitative measures to preserve adequate tissue oxygenation. many agents such as ethanol, heparin, hypertonic glucose and corticosteroids have been proposed but no randomized clinical trials support their widespread use 3, 4 .
Imaging, especially computed tomography, has been used in determining the aetiology of ArdS or in the management of these patients 7 .
The description of CT findings in severe fat embolism syndrome is however virtually non-existent. The CT appearance has been described in only 20 cases (summarized in Table 1 ) [8] [9] [10] [11] [12] [13] [14] . most of these cases were mild examples of fat embolism. A filling defect of the right lower lobe artery was demonstrated in a case of a macroscopic pulmonary fat embolus 12 . Hamrick-Turner and colleagues described diffuse lung calcifications, most of them located in the branches of the pulmonary arteries, in the late course of the syndrome, i.e. 14 months after the traumatic event 8 . In the early stage, radiological findings such as bilateral infiltrates on chest X-ray and consolidation and ground-glass opacities on CT scan of the lungs may be seen. These atypical findings are also seen in patients with other causes of ArdS. Ground-glass opacity or ground-glass attenuation are non-specific terms referring to the presence of a hazy increase in lung opacity that is not associated with obscuration of underlying vessels 15 . Ground-glass opacification, although non-specific, is generally the most extensive pattern seen during the acute stages of ArdS denoting filling of the interstitium and alveoli with both oedema and inflammatory fluid 15 . The significance of dense parenchymal opacification on ArdS in the dependent and non-dependent lung is not clear, but may be a consequence of compression by the weight of overlying lung tissue resulting in atelectasis or may represent foci of organizing pneumonia 7 . Centrilobular and subpleural nodules, as observed in our patient with fat embolism-induced ArdS, are lesions not described in other types of ArdS. Table  1 summarizes all described CT appearances after fat embolism [8] [9] [10] [11] [12] [13] [14] . nodular opacities have been described in seven out of eight reported cases of severe fat embolism syndrome in whom a CT scan of the lungs in the acute or subacute phase was available. nodular opacities were present in only one of the eleven reported mild cases. As indicated in Table 1 , nodules located either in the centrilobular region, subpleural region or both regions are observed in a variable number of these cases.
Silicosis, asbestosis and coal workers' pneumoconiosis are associated with the presence of such small well-or ill-defined nodules in more than 80% of cases and predominantly appear centrilobular and subpleural in location on high-resolution computed tomography. These correlate with the areas of fibrosis caused by the accumulation of particulate material in these regions 15, 16 . Occupational lung disease in our patient was excluded by the absence of previous occupational exposure and the absence of particulate material in the bronchoalveolar lavage fluid.
Ill-defined centrilobular nodules may occasionally be seen in patients with acute pulmonary haemorrhage. This finding may be due to the deposition of haemosiderin laden macrophages in relation to small vessels and bronchioles 15 . microhaemorrhages typically occur in the lung in fat embolism syndrome as a consequence of the inflammatory response caused by the local deposition and metabolism of free fatty acids.
In large emboli, a filling defect of the pulmonary artery has been described 12 . With rather small embolic fragments, more peripheral branches of the pulmonary arteries are obstructed. due to the obstruction of the vessel, most emboli cause wedgeshaped heterogeneous areas as hallmark of local infarction with long-lasting sequelae. This feature of infarction is not seen in cases of fat embolism as the fat emboli are indeed rapidly metabolized and cleared. In cases of septic emboli, as in tricuspid endocarditis, local infection can produce typical cystic lesions. These lesions are often complicated by empyema.
As demonstrated in Table 1 , in severe cases these nodules are more likely to appear within hours of the traumatic event. The dependent distribution of the nodules can be explained by the perfusion-related spread of the fat emboli1 7 . Although other known causes of ArdS, such as pulmonary contusion and polytransfusion, were also present in our case, we believe that the main cause of ArdS in our patient was massive fat embolism, complicated by fat embolism syndrome. The rapid onset of hypoxaemia and the typical radiological findings following orthopaedic trauma and surgical correction as well as the characteristic finding of fat inclusions in greater than 70% of the alveolar macrophages are in favour of and even diagnostic of fat embolism syndrome. In summary, we present a case of severe fat embolism syndrome with diffuse ground-glass opacities, consolidation and centrilobular and subpleural nodules on CT scan of the chest. These CT findings reflect the unique pathophysiology of the syndrome, and toxic and ischaemic effects on the lung parenchyma. We conclude that CT scan of the chest early after the occurrence of symptoms may contribute to the diagnosis of post-traumatic fat embolism, although larger series are necessary to confirm our findings. rEFErEnCES
